Current water supply worldwide is facing growing pressure as a result of climate change and increasing water demand due to growing population and lifestyle changes. The traditional way of fulfilling the growing demand-supply gap by seeking new water supply options such as exploiting new fresh water resources and investing in the expansion of infrastructure is no longer considered environmentally or economically sustainable. A diverse portfolio of water efficiency measures is now a requirement for the majority of water companies in the UK. This paper presents results from a statistical analysis of a unique water efficiency program case study. The study evaluates the effectiveness of installing water-saving devices in single-family households in areas where a major UK water supply company operates. Using multilevel models, the study accurately measures the water savings achieved through the efficiency program and defines the factors that affect a household's potential to save water. Analysis illustrated a mean 7% decrease in consumption, explicitly attributable to the efficiency program. Research findings provide strong evidence that single resident and financially stretched households have a bigger potential to conserve water than larger and more affluent ones and also highlight the robustness of multilevel analysis, even in cases of data limitations.
INTRODUCTION
The new direction the water industry should follow at a global scale is the management of water demand through innovative methods, tools and procedures that promote water conservation (Turner et al. ) . The Integrated Resource Planning (IRP) framework is a comprehensive decision-making process in which a suite of both supplyside and demand-side alternative options are evaluated on the basis of predefined, often conflicting water planning objectives and uncertainty is explicitly considered (NWC ) and it is internationally considered as best practise. Although this is a sign of the program's effectiveness, further analysis is required to evaluate the water savings achieved. • Absence of high-quality, small-interval meter readings (e.g. monthly, 2-or 6-monthly readings without consecutive periods of missing data). • Unknown program take-up dates for each participating household.
TECHNIQUES FOR WATER SAVINGS EVALUATION
• Small participating household sample sizes.
• No information on participating household demographics (e.g. number of occupants, average household income, etc.).
• No information on non-participating household demographics, such as the number of occupants, which leads to the incapability to compare participant and control samples using pcc efficiently, rather than aggregated per household consumption, and to select a control sample that matches the participants' one.
• Major intervention date differences among households and limited consumption records before and after the intervention dates. This common problem makes before-after techniques inapplicable.
Improving the accuracy of before-after and participant-control methods
It is very common that water companies in the UK do not possess household-related information such as household size, property size or average household income when deciding to embark on a water efficiency program. However, these data are essential for a robust water savings estimation using mixed-effects models. If a water company wishes to explore the impact that a water efficiency initiative had on consumers of different social classes/property sizes and thus to draw important information that can be referenced when a similar program evaluation is needed in the future, the Acorn classification can prove to be useful. Even if no other demographic information is available for the participating household sample and for a sample of nonparticipating ones (which could be used as a control group), before-after means comparisons could be undertaken by disaggregating the participants' sample into subsamples of the same Acorn classes and running t-tests.
It should be stressed, however, that a sufficiently large sample of households belonging to each Acorn class would be necessary for this analysis to be possible.
In a similar manner, if Acorn class and per household consumption are known for a sufficiently large sample of households that did not take part in the program and are located in the same geographical area as the participating homes, the change in consumption for the former group can be used as a representative reference case for comparison to the latter group's consumption change after the efficiency program launch.
Multilevel modelling (mixed effects models)
It is very common that social data have hierarchical (nested) structures. A well-known form of nested data are panel data (observations over time that are nested in different subjects).
In the context of this study, the subjects are the households, As far as this study is concerned, multilevel models offer a more appropriate and powerful analysis of the particular dataset than simple ordinary least squares regression, as they allow for the full exploitation of the data, providing the opportunity to make use of both time-varying and time-invariant variables in the same analysis. In order to perform the analysis, the nlme package in R software was used The first variables to be entered in the model were the weather-related level-1 variables ( Table 2 ). The natural logarithm of the number of days of more than 1 mm rain per month (Log.raindays) and the hours of sunshine per month (Log.Sunshine) were selected, as they appeared to have a more significant effect on water consumption than the other weather-related variables (data on maximum and mean temperature were also available for this time 
RESULTS
Pcc increased with the hours of sunshine and decreased with days of rain of more than 1 mm, as expected. A 10% increase in daily sunshine is associated with a 0.41% increase in consumption, while a 10% increase in days with rain of more than 1 mm can lead to a 0.25% decrease in consumption. At the household level, water use was negatively correlated with the dummy variable for the water efficiency program, Acorn class and the number of occupants.
We can conclude that after the program launch there was a 6.95% decrease in consumption (1-exp(À0.072)), which can be attributed to the water efficiency program.
Using the intervals( ) function of the nlme package in R, 
DISCUSSION
In our study, a 10% increase in daily sunshine was associated with a 0.41% increase in consumption (p < 0.001), while a 10% increase in days with rain of more than 5 mm was
shown to lead to a 0.25% decrease in consumption (p < 
CONCLUSIONS
This study further contributes to the existing literature, as disseminating knowledge obtained through implemented water efficiency programs internationally is crucial for the establishment of a robust evaluation framework that will move existing evaluation practices forward. Based on the results of the multilevel model, the water efficiency program was successful in decreasing per capita water consumption of the households that took part by approximately 7%. Moreover, it was illustrated that Acorn class can be used effectively in water efficiency evaluation studies as a proxy for household income and property size when these data are not readily available and that powerful analysis can be conducted for the evaluation of efficiency programs using multilevel models, even without a control sample of households. Based on robust multilevel modelling results, it is highly recommended that future efficiency programs are targeted to small households, where the potential to save more water is larger.
